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CLAIMS 

[Utility model registration claim] 

[Claim 1] In electromotive power steering equipped with a steering torque detection means to 
detect the steering torque of a steering system, and the control means which controls the 
electric motor which generates the steering auxiliary force to said steering system based on the 
steering torque detection value of this steering torque detection means Electromotive power 
steering characterized by having the overheating detection means which carries out direct 
detection of the overheating of said electric motor, and the amendment means which carries out 
reduction amendment of the driving signal which controls said electric motor when this 
overheating detection means detects overheating. 
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DETAILED DESCRIPTION 



[Detailed explanation of a design] 
[0001] 

[Industrial Application] 

This design applies to industrial vehicles, such as a large dc-battery fork lift truck of especially a 
load, about the electromotive power steering which assisted the control force of a car by the 
generating torque of a motor, and is suitable. 
[0002] 

[Description of the Prior Art] 

There are some which were indicated as electromotive power steering both for [ conventional ] 
an industrial vehicle to JP,63-43865,A which these people proposed previously, for example. 
This conventional example detects the actuation current of the electric motor which generates 
the steering auxiliary force with a current detector, supplies this detection value to a high 
current time limit circuit, and is this high current time limit circuit. When the set-up level with 
the motorised current near the maximum usually used is reached and a current tends to 
continue flowing more than it further, the resistance welding time is set up, and he decreases a 
current value on the basis of a fixed property, and is trying to protect an electric motor from 
overheating after resistance-welding-time progress. 
[0003] 

[Problem(s) to be Solved by the Device] 

However, if it is in the electromotive power steering both for [ above-mentioned / conventional ] 
an industrial vehicle Since a current detector detects the actuation current of an electric motor 
and he is trying to guess overheating of an electric motor from this current detection value since 
overheating of a actual electric motor cannot be guessed to accuracy — the current threshold 
for overcurrent decision — operating environment temperature and a safety factor — seeing 
slight lowness — not setting up — it did not obtain but the technical problem that the engine 
performance of electromotive power steering could not be demonstrated fully occurred. 
[0004] 

Then, this design is made in view of the technical problem of the above-mentioned conventional 
example, detects the febrile state of an electric motor to accuracy, and aims at offering the 
electromotive power steering which can protect an electric motor from overheating. 
[0005] 

[Means for Solving the Problem] 

In order to solve the technical problem of the above-mentioned conventional example, the 
electromotive power steering concerning claim 1 A steering torque detection means to detect 
the steering torque of a steering system as shown in drawing corresponding to a claim of drawing 
i , In electromotive power steering equipped with the control means which controls the electric 
motor which generates the steering auxiliary force to said steering system based on the steering 
torque detection value of this steering torque detection means The driving signal which controls 
said electric motor when the overheating detection means which carries out direct detection of 
the overheating of said electric motor, and this overheating detection means detect overheating 
It is characterized by having the amendment means which carries out reduction amendment. 
[0006] 
[Function] 

In the electromotive power steering concerning this design, direct detection of the overheating 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/07/24 



JP,05-001656,U [DETAILED DESCRIPTION] 



2/6 ^— v 



of an electric motor is carried out with an overheating detection means, when overheating is 

detected, reduction amendment of the electric motor driving signal supplied from a control 

means with an a mendmen t means is_ carried out, and an electric motor is certainly protected 

from overheating. 

[0007] 

[Example] 

Hereafter, the example of the electromotive power steering of this design is explained with a 
drawing. 

Drawing 2 is the outline block diagram showing the 1st example of this design. One is a steering 
wheel, and the control force is transmitted to steering gear 3 through a steering shaft 2, and it is 
made to **** a steering wheel for it among drawing. 
[0008] 

Output-shaft 7a of the electric motor 7 which generates the steering auxiliary force through a 
reduction gear 5 is connected with the steering shaft 2. The temperature sensors 8, such as a 
thermistor which carries out direct detection of the febrile state, are attached in the electric 
motor 7. And actuation control of the electric motor 7 is carried out by the control unit 9. 
The vehicle speed detection value V of the speed sensor 1 1 which detects the steering torque 
detection value TS including the steering direction which becomes this control device 9 about 
the steering torque inputted into a steering wheel 1 with the voltage signal of the steering torque 
sensor 10 which consists of potentiometers detected as a twist angular displacement of a 
torsion bar spring, and the vehicle speed of a car, and temperature detection value TH of a 
temperature sensor 8 It is inputted, respectively. And a control unit 9 is the steering torque 
detection value TS of the steering torque sensor 10, as shown in drawing 3 . Amplifier 12 to 
amplify, A/D converter 13 which changes the magnification output of this amplifier 12 into digital 
value, The interface circuitry 14 into which the vehicle speed detection value V of a speed 
sensor 11 is inputted, Temperature detection value TH of a temperature sensor 8 A/D converter 

15 changed into digital value, The motor current set point IM outputted from the microcomputer 

1 6 into which the conversion output of A/D converters 1 3 and 1 5 and the output of an interface 
circuitry 14 are inputted, and a microcomputer 16 It has the motorised circuit 17 which outputs 
the embraced actuation current to an electric motor 7. 

[0009] 

Here, an amplifying circuit 12 is the steering torque detection value TS inputted. The 
magnification output TS 1 (=betaTS) which multiplied by the multiplier beta corresponding to a 
predetermined amplification factor is outputted. 

Moreover, a microcomputer 16 performs data processing according to the flow chart shown in 
drawing 4 , and is the steering torque detection value TS of the steering torque sensor 11. It is 
based and is the motorised current command value IM. While computing, it is the temperature 
detection value TH of a temperature sensor 8. When it is based and overheating of an electric 
motor 7 is detected, actuation current amendment processing is performed. 
[0010] 

Next, actuation of the above-mentioned example is explained according to the flow chart of 
drawing 4 which shows the procedure of a microcomputer 16. 

That is, the control processing which consists of main programs is shown, activation initiation is 
carried out by making a key switch into an ON state, and the flow chart of drawing 4 is step **a 
first, and judges whether a microcomputer 16 is an all seems well. When it performs by judging 
whether the watchdog timer 18 connected to the microcomputer 16 passed the deadline of and a 
watchdog timer 18 passes the deadline of, this judgment judges it as what the abnormality 
situations, such as a program overrun, generated with the microcomputer 16, and ends 
processing as it is. 
[0011] 

On the other hand, in step **a, when the watchdog timer 18 has not passed the deadline of, a 
microcomputer 16 judges it as what is an all seems well, and shifts to step **c. 
The steering torque detection value TS which amplified with amplifier 12 in this step **c It 
reaches, the vehicle-speed detection value V is read, subsequently to step **d it shifts, and it is 
the steering torque detection value TS. And steering torque-value TS shown in drawing 5 
beforehand set up based on the vehicle-speed detection value V Motor current set point IM The 
map corresponding to the property diagram showing relation is referred to, and it is the motor 
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current set point IM. It computes. 
[0012] 

Subsequently,, it shifts to step **e and is the temperature detection value TH of a temperature 
sensor 8. It judges whether read in and an electric motor 7 are overheating. This judgment is the 
temperature detection value TH. It carries out by whether they are zero or more overheating 
thresholds TH set up beforehand, when it is TH <TH0, it shifts to step **j which judges to be 
what is not overheating and is mentioned later, and when it is TH >=TH0, it judges that it is 
overheating and shifts to step **f. 

[0013] ... 
The motor current set point IM computed by step **d mentioned above at this step **f Limiting 
value ILIM which the absolute value set up beforehand It judges whether it is small. | IM |<=ILIM 
it is — the time — direct step **j — shifting — |IM |>ILIM it is — sometimes It shifts to step 
**g and is the motor current set point IM. It judges whether it is forward. IM > When it is 0, it 
shifts to step **h, and it is the motor current set point IM. Limiting value +ILIM After restricting, 
it shifts to step **j. When it is IM <0, it shifts to step **i, and it is the motor current set point 
IM. Limiting value-ILIM After restricting, it shifts to step **j. 
[0014] 

The motor current set point IM set up by step **d or step **h, and **i in step **j After 
outputting to the motorised circuit 17, it returns to said step **a. 

And processing of step **a-**d of drawing 4 and **j is equivalent to a control means, 
processing and the temperature sensor 8 of step **e are equivalent to an overheating detection 
means, and processing of step **f - **i is equivalent to the amendment means. 
[0015]' 

Next, the whole actuation is explained. Now, when all the steering control systems that consist 
of an electric motor 7, a steering torque sensor 9, and a microcomputer 16 are all seems wells 
When activation initiation of the steering control processing of drawing 4 is carried out, in the 
state of un-steering [ which shifts to step **d from step **a, and is maintaining the steering 
wheel in the neutral condition ] Steering torque detection value TS of the steering torque sensor 
10 The motor current set point IM computed with reference to the map of drawing 5 by being 
abbreviation 0 Since it becomes zero, the actuation current supplied to an electric motor 7 in 
the motorised circuit 17 serves as zero, and an electric motor 7 is in a idle state. 
[0016] 

this condition of not steering to a steering wheel — the right — or, if the left end is carried out 
Steering torque detection value TS corresponding according to this to steering torque forward or 
negative from the steering torque sensor 10 Since it is outputted and this is inputted into a 
microcomputer 16 The motor current set point IM computed by step **d of drawing 4 The motor 
current set point IM which increased in forward or the negative direction, subsequently shifted to 
step **j through step **e, and was computed It outputs to the motorised circuit 17. 
[0017] 

Therefore, the motor current set point IM inputted in the motorised circuit 17 While setting up 
the energization direction over an electric motor 7 by positive/negative, it is the motor current 
set point IM. The embraced actuation current is supplied to an electric motor 7. With an electric 
motor 7, the steering auxiliary torque according to steering of a steering wheel is generated, and 
this is transmitted to a steering shaft 2 through a reduction gear 5 by this, and can perform light 
steering by it 
[0018] 

When it will be in the overload condition which the high current which exceeds the rated current 
to an electric motor 7 energizes continuously during steering of the steering wheel mentioned 
above, however, according to the excessive current beyond the rated current When an electric 
motor 7 will generate heat and it will be in overheating, in processing of drawing 4 , it will shift to 
step **f from step **e. The motor current set point IM computed by step **d at this time 
Limiting value ILIM of extent to which an absolute value does not promote generation of heat set 
up beforehand When it is the following, it shifts to step **j as it is, and it is the motor current 
set point IM. Although outputted to the motorised circuit 17 as it is Motor current set point IM 
An absolute value is limiting value ILIM. When having exceeded, it is the motor current set point 
IM. Limiting value**ILIM It restricts. Consequently, since supply of the excessive current to an 
electric motor 7 will be controlled, the febrile state is canceled by the cooling operation by self- 
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heat dissipation of an electric motor 7. 
[0019] 

Then, temperature jdetection value TH If it becomes zero or less threshold TH, since it will shift 
to direct step **j from step **e, it is the usual steering torque detection value TS. It returns to 
the condition of generating the steering auxiliary torque to which it responded. 
Thus, according to the 1st example of the above, a temperature sensor 8 detects the febrile 
state of an electric motor 7, and it is the temperature detection value TH. When it becomes zero 
or more thresholds TH set up beforehand It is judged as overheating and is the motor current 
set point IM. Limiting value ILIM which does not promote generation of heat Since it was made to 
restrict Overheating of an electric motor can be prevented certainly and the depression by early 
degradation by the anomalous attrition of the brush which consists of carbon, burning of a motor 
coil, etc. can be prevented certainly. 
[0020] 

Next, the 2nd example of this design is explained about drawing 6 . 

When an electric motor 7 will be in overheating, it is made for this 2nd example to decrease a 
motorised current gradually, and it has the same configuration as the 1st example which 
mentioned it above if it removed performing steering control processing of drawing 6 with a 
microcomputer 17. 
[0021] 

Steering control processing of drawing 6 is step **a-**d, performs the same processing as step 
**a of drawing 4 in said 1st example - **d, and is the steering torque detection value TS. And 
the motor current set point IM according to the vehicle speed detection value V It computes. 
Subsequently, it judges whether it shifts to step **e and the timer mentioned later is operating. 
While it shifts to step **m later mentioned while a timer is operating at this time and a timer is 
un-operating, it shifts to step **f. 
[0022] 

It judges whether an electric motor 7 is overheating like [ in this step **f ] step **e of drawing 4 
in the 1st example mentioned above. When an electric motor 7 is not overheating (i.e., when it is 
TH <TH0) It shifts to step **g and is limiting value ILIM. After setting the variable alpha to 
determine as zero, it shifts to step **l, and when an electric motor 7 is overheating (i.e., when it 
is TH >=TH0), it shifts to step **h. 
[0023] 

In this step **h, compute the value adding set point deltaalpha set up beforehand to the current 
variable alpha as a new variable alpha, and, subsequently to step **i, it shifts to it maximum 
alphaMAX to which Variable alpha was set beforehand a ****** [ having exceeded ] — judging - 
- alpha>alpha MAX it is — the time — step **j — shifting — alpha — maximum alphaMAX since 
it restricts — step **k — shifting — alpha<=alpha MAX it is — sometimes, it shifts as it is at 
step **k. a timer is started in step **k — making — subsequently — step **l — shifting 
rated maximum current value IMAX from — Variable alpha — subtracting — limiting value ILIM It 
computes, and after carrying out the updating storage of this in the predetermined storage 
region of storage, it shifts to step **m. 
[0024] 

The motor current set point IM computed by step **d in step **m The newest limiting value 
ILIM the absolute value is remembered to be by storage It judges whether it is the following. | IM 
|>=ILIM it is — the time — step **n — shifting — the motor current set point IM It judges 
whether it is forward. IM > When it is 0, it shifts to step **o. and it is the motor current set point 
IM. Limiting value +ILIM After restricting, it shifts to step **q. the time of being IM <0 — step 
**p — shifting — the motor current set point IM Limiting value-ILIM since it restricts step 

— shifting — IM <ILIM it is — sometimes, it shifts at direct step **q. The motor current set 
point IM computed by step **d in step **q Or the motor current set point IM restricted by step 
**o and **p After outputting to the motorised circuit 17, it returns to said step **a. 
[0025] 

thus, when the electric motor 7 has not reached overheating according to the 2nd example of 
the above It is the steering torque detection value TS at step **d, without a timer operating. It 
reaches, the map of drawing 5 is referred to based on the vehicle speed detection value V, and it 
is the motor current set point IM. It computes. Subsequently, it is limiting value ILIM by shifting 
to step **f from step **e t and shifting to step **g, and shifting to step **l, after making Variable 
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alpha into zero since an electric motor 7 is not overheating. Rated maximum current value IMAX 
It is set up. for this reason — an electric motor 7 — steering torque detection value TS and the 
vehicle speed detection value V — responding — rated maximum current value IMAX up to — 
an actuation current is supplied from the motorised circuit 17. 
[0026] 

however, limiting value IUM which Variable alpha increases by set point deltaalpha t and is 
computed by step **l for this reason since it will shift to step **h from step **f, if an overload is 
applied to an electric motor 7 and overheating is reached Rated maximum current value IMAX 
from — while falling by set point deltaalpha, a timer starts, consequently — until a timer passes 
the deadline of — the motor current set point IM Rated maximum current value IMAX from — 
limiting value ILIM of the value which subtracted set point deltaalpha It is restricted. Then, by 
shifting to step **h like the above, when a timer passes the deadline of and overheating of an 
electric motor 7 is continued, Variable alpha is set to 2deltaalpha and it is limiting value ILIM by 
this. It decreases by set point deltaalpha further, and is the motor current set point IM. Maximum 
becomes still lower. 
[0027] 

Thus, while overheating of an electric motor 7 is continuing, the above-mentioned processing is 
repeated and it is limiting value ILIM. Maximum alphaMAX to which it decreased by set point 
deltaalpha one by one whenever the timer passed the deadline of, and Variable alpha was set 
beforehand Namely, limiting value ILIM ILIM in the 1st example It decreases to a corresponding 
value. 

Thus, the motor current set point IM Since maximum decreases by set point deltaalpha one by 
one, sequential reduction is carried out at intervals of the predetermined time to which the 
actuation current supplied to an electric motor 7 from the motorised circuit 17 is set with a 
timer, generation of heat of an electric motor 7 is controlled by this, and it is cooled by the 
cooling operation by self-heat dissipation. 
[0028] 

And temperature detection value TH of an electric motor 7 If it falls in zero or less threshold TH, 
since it will shift to step **g from step **f and Variable alpha will be set as zero, it is limiting 
value ILIM. Rated maximum current value IMAX It returns. 

In addition, although each above-mentioned example described the case where the temperature 
sensor which used the thermistor as an overheating detection means was applied, the heat 
sensitive switch which will be in an ON state with laying temperature, such as other temperature 
sensors and bimetal, is also applicable. 
[0029] 

Moreover, although the 2nd example of the above described the case where steering auxiliary 
torque value T was changed in stairway, it changes into a hyperbola property etc. and may be 
made to perform continuous gradual decrease processing. 

Furthermore, although each above-mentioned example described the case where it was the 
vehicle speed induction mold which changes the steering auxiliary torque generated with an 
electric motor 7 according to the vehicle speed detection value of a speed sensor 10, it is not 
limited to this. 
[0030] 

Moreover, although the case where the control unit 9 which applied the microcomputer 1 6 
constituted a control means from each above-mentioned example was described, it is also 
possible to replace with a microcomputer 16 and to constitute combining electronic circuitries, 
such as a comparator and an arithmetic circuit. 
[0031] 

[Effect of the Device] 

When direct detection of the overheating of an electric motor is carried out with an overheating 
detection means and this overheating detection means detects overheating, according to this 
design, as mentioned above, with an amendment means Since it has amended so that the 
steering auxiliary force generated with an electric motor may be decreased Overheating of an 
electric motor can be detected to accuracy, without being influenced by operating environment 
temperature etc., and the effectiveness that early degradation by burning of the motor coil by 
overheating of an electric motor and the anomalous attrition of a brush etc. can be prevented 
certainly is acquired. 
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lETfeS^fr^'J^U Im ^TfcSBfJC&Xxv^oJC&fTbT*— * 
M^t^iilM I LIM ,«JPSLT^e>Xx^^(Dq^^TU Im < 

o-£&& h^iLteT.T-v'fOpiz.wfs Lr^-znmmfem i m *suisffl- i li 
m (cwbt*^xf7^(DqtitTU im < i lim vftztziazmmxT- 

i&m im xfixf^^o, (Dp-eCTs^n/t^e-^m^^siM * 

[0 0 2 5] 

S Mmii^ffiffiV^fc^^0 5C>x'^7 P ^#MbT^~^^^fiilM 

tau ^xf7^(2)ey!)^xf7^(2)f KWfs\^, nm^-zii$mmm 
ft-rzctic&o, mm i lim a^s^m^imax ^^^n^o <:o/c 



SSB8V5-1656 

(13) 

^tSIMt I MAX *TOB»tW«^--*K»lBl* 1 7 fr&IH&Stt*. 
[0 0 2 6] 

46, xf-yf® i -enEW^nssuisffii lim *^^i^t^t i max ^ssa^ffi 

TvTf%&X*<omtt-*WdiWC%fe I M #£te***SK« I MAX 
Aa*»3¥bfcffi©*JISffilLIH ^SfJRg^hSo M^-fATy/ 

II I LIM #2 e>^^fiA a#M'>£*U ^-£^1^11 I M Ofi^S £ 
[0 0 2 7] 

mtEtir&mm i lim v#*-r ktv -f-rznicM&Wfemb a#M'>£ 
^ mmatf^&mfeznrcmKmaupx bp-smim i lim ^mimmmicmf 
% i lim te*BS*r5ffi**e«4>s*iSo 

CO* 9 ^ *-*«*«£* I M 0«^«^MS^iaS«A a^I^tlSO 

r% ^-^touissi 7fr£TO*-*7M^sn5TO€W*^T'&j£ 

[0 0 2 8] 

©f *^Xry^<Dgfc3^ff LTgftaj&^McK^SnSOT,, MM I LIM » 
I MAX fc«#*tl*o 
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(14) 

[0 0 2 9] 

[0 0 3 0] 

[0 0 3 1] 

[#fgcD$jJH] 



